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Teaching Quality Evaluation Method Based on SA<-BPNN Multi-Modal Fusion
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[Abstract] A Simulated Annealing Backpropagation Neural Network (SA-BPNN)-based multi-modal fusion model
for evaluating teaching quality is proposed to address ‘the issues of poor generalization ability and low prediction
accuracy caused by the insufficient utilization of teaching Process information in traditional teaching evaluations.
The model comprises two parts: a modal feature extraction module and a multi-modal fusion prediction module.
First, a multidimensional teaching quality evaluation system with three modal data types: manual scoring, online
education platforms, and teaching videos, is constructed. The SA-BPNN module is improved using a self-attention
mechanism to extract feature information from each modality. Second, considering the possibility of missing modal
data in the evaluation process, a multi-modal hybrid fusion strategy is introduced in the early fusion stage of the
prediction module to improve the?dMF-BPNN . This strategy combines and fuses the feature information of different
modalities according to speeific rules to reduce the reliance of the model on a certain modality. The fused feature
information is then input.into, the MF-BPNN module to generate the final evaluation results. The model that fuses
multi-modal information for%evaluation avoids the subjectivity of traditional evaluations, and the hybrid fusion
strategy improves the prediction accuracy when modal data are missing. Experimental results based on the real
dataset of a university show that, compared with the BPNN and GA-BPNN methods, the Mean Square Error
(MSE) of this model increases by 2. 4 and 3. 9 percentage point, respectively, which can effectively and accurately
evaluate the teaching quality and provide theoretical support for testing the teaching effect of teachers, optimizing
teaching management, and comprehensively improving the teaching quality.
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Table 1 Manual modality evaluation index system

R BB b
BRIt BOENA R T R
Hop AR B A
S N T wr
AT 34y i bR PRy ey
Pt U R 2 R
TR e TR
Bt 2 P R
HeEOR IRARSERIA L R
2.1.2 THEA
X BB E O , AR e At T i 2088 B 2 )
BRI R S 2R D B TR R KA

7;%1%”‘““” X3 A A 1R 25y ) DI RE AR it
T KRB b7, P BB IER AR R A03E 2 FiR.
%% 2 PRITELEFFERE E, BITH) 9 TP 15
x2 TEESTEMIERER
Table 2 Platform modality evaluation index system
WIEEZS HeEpr B P bR
BRI R
RATURBE BRI R
UiiA= F SR
IR LR A
SR B
A B ARSI
PRl 5E R
RZi iR &
U 1] 2 B IR

#eruat

Bs B ey S eng o E I RE SRR BTN B — 47 5 0F
m’ﬁﬁ%i—\‘jﬂ X :[621 2€225°°° 762j:|7j =9,
2(1.3 PR

GRS RIS A S A 2 s 4
KRRV B B DU S B R S an &l 3 Fie
I AR AR R A 3 . B2
M A B ELSE PR W SR Y TR RAZE 42 P
W5 T8 RSO BT R /s BB AR 11 B A 1A
WAL, 3% 3 AR £y RITRY 7 TPEAN 45
B Bl e~ e NMENBAREERAET, W—4 -5
BRI A 2 = [esisen s ren k=T,

B3 BEZFMIESHEETG
Fig.3 Example of self-constructed teaching video modality dataset
3 YSESIENERE R

Table 3 Video modality evaluation index system

P b B pRiEE A
[ESRIE2E PN
LTSNS
BE IR AL
ZRCETEIIEEN

P = HEA R




394

£50% F 11 H/2024 £ 11 B/HENTIRE

2. 1.4 HdlEH—1k

1 T [l AR 22 18] i D B A ) A SCfd
e Rt/ MELE A Bl 247 0 — AL AR B U3 — b
MRS E I KRR R X, = [611 2€12 ""9611] X -
[611 2€12 ""’elj] ﬂ] X, = [611 s€12 "“7elk] s A% qjy
X: FRNTHSMARSE . X, 2R FERESmA
i, X, Fon US4 A B
2.2 RIEHFIEREX

SA-BPNN R B i #iE 3 Al RIS ARk
HAR e BIABTER LRI HATE T4 58 0 o
PR R R IE A T FSC R ERRE . ATERE T
PLHIEA AR AN R A 15 s 22 8] SV £ [
AR AR BC SN A L S EE B IRE N K
PEESKAFOC R . XS 25 AL 19 2R A A s PRFAIE
FOBHIA » D TTAR TSI A BE AP0 VA 4 o

AR L AZ O AR E TRk 27, LA
THE 2E BB S BE AR Z (Al YRR &R . A%
CEIE T AR E Q SHABARRFR AR K #I{5
SARPIMERAE BALEE . AU AN EAR J5 38 DX N
1 NI RUEIE AR B RE B . B2 3 4
PR NRFIEAAAE Q L K NV 3 AJERE,

B R a BB, 350 Q = WXIW, |
K, =WX;W,.V, =WXiW,, ﬁ‘%ﬁ%ﬁZIEﬂﬁ/ﬁHU
Pan D s
S, _Q <K, (D
S Wde

AP X F0R a B  MEILIRE ; Q) 3R
AFFIEGE B Q HEFE s K, Feas s o PHFAER) K 4
W5 /d e 7R X AR B 1Ay AR5 AL R DRAH DL EE
TREAEIS YL N s S ¢ B RE R B 5 5
J AR BRI BARUE ;s W W o W, MW, 5]
A B ATYIZRZ A0 TR BEA T I S5 LIS 1 45
5% .
HU B Softmax sRECSHAUIERES T IH— 1L AL
MR RN, XA R D B B A A
FRAACE M B 1. AERAE Z, insXi(2) fii

S.
z, =22 2

2 exp S;
JCEP Wt m RN a BESHVFFIEECE s exp 2R DL H
W e RATEER L.
Ja TRRZS @ WSS 0 A RHIE S HABRHIEZ
BIEERAME S, W PR

fu’ :EZjVj 3)
j=1

[ BE, 3 AL 25 ) 3 AR A5 B i
=k (D) R

SRS

F,=[fu fu, Sfu s fa]

F,=[f, +fp, S o1, ] 4
F,=[fo +fu,fo S0 ]

I 2 1R ?Eﬁ%f"ﬁjﬂm/\% £ RS 4eh]

BP i1 25 [ £ vy, BARGN =X (5) PR
Tj _g<ZlWijfai) (5)

X Wy SRR IERE ; f. Rl a 19550 A
ﬁé&ﬂf TEA5 B PREL g Co) TS RS f, Rl
ML ITHIE B
2, RS BN B 1 B B A R AR S
FEME R f 2R nzee) s .

F,=[f So Su S ]
F _[fpl ’fp,, ’fp s* 7 ] (6)
1 =S S S ]

o m %@ﬂ%*%m;@mz ;Az
2.3 4HIREERER
MF-BPNN #i#t & —Fh o] Y1l 25 ) 11 & fil & &5

M T RS E BRGSOl TR B
O TR RIS
ELHIA SCIR & il 1 B S8 o8 B i L
MNEBH =X (D PR :
F,=[fu+fu,sSussSo, ]
{Finput} F 7[‘fp1 9f/) 9f/; s f :I (7)
14'U_I:.fw ’f 7fv?7 f :I
XPREIEAR B A TIR & Al T AR A o A2 56
j MEIT i AE BRI () iR .
{Finput}j:%izfij (8)
Kb n FORMEAHE A ABCSEGE; « 358
FIBLZS
ARSCN T O & A 3 FRBSTR A LA 5 1
ﬁ_ﬁ/\{n;m\ﬂn_t“))mﬂd:
Fo=[f., +F, +1.,1/3
{Finpul} - ’ :[f“Z +.f/’2 +f"“2]/3 (9)
Ls = Ty, +1.,1/3

2.4 HFER=ITEHTN
H A T P TN A Y 3L T BP i 45 0 2% 2%
M, F—Z 08 m MHETTRAZ AR



$£50% F118/2024 &£ 11 A/ ENTE 395
N F i ={F 1 FyoF;} TR p MG s lEEOUEEE O3 1 080 830 Ml iRt F-

JCIIBERZ  f i — 2 & ¢ DT 2
HIBMEN Ve =y « BIARESERIZMZICHITE
AR (10) s

hi—@(Zwiij+5i)ai—lvz"'°,p (10)
=

b by TR i DA TTHYEES o FORTEEE
PRAL Sigmoid; 0, R ¢ A2 T0 BT LD B 5
wy; FANH | DZICEEH AT E AU,

Tansig pRBUZARLE M B & 8 7 TR Ak
LI AR (R AH A 2 0 A5 5 o 20 P 45 v B JEE T o
BRI AT 3RS A SO Tansig sREUE N
PG R IE R @ () BRURUZ 5 2 R 220 ) 5
FWAAD PR

»
Op :¢(sz'khi+6k)v k:192a"°7q 1D
i=1

P22 28 (R I AR o e 3 ok s Do) 4% 4 b i
it 22 B A58 22 58 2 ) B Z [ A DG ME . W
FIPEN R AR A 353 T i 25 (MSE) | 38 U #52k |
BRI R 45, FEUIl Rl B 2k s8R A MSE., il
A2 s

hﬁSEj::4£f§3<yk-—ok>2 (12)

2m
s v FRTFHES R SLE ;s o0 ISR
AITINAEL 5 7 75 I RUAE AR R AR 50 g, A 0K
FEA BRI
NG IR B 2 H X R 205 o
G TOIAR VI i) A 28 0 2] LASIE B i A 31 i
H R SR

3 XRiit

3.1 LWiEE

KT BP M2 454, B R AR 4 )
WA TS Ik . ST S B A R A AR
E Sl OE (<7 Tthe YO0 ) VAN i PR S5 ik 23 RN ]
SRR AR E N 12 RS2 S BGE o
TRZEVATIR AL e 0N 5. fn 2T SOk E
1, BDHCE R PR T2 R S R E N
5X10° e KB B BN 100, /MR N
0. 000 1, YL I8 2 e Sk AR YR BBl 3 A 3 15
ZEmHE L,

ARSCHEHR Ll TRER R K2 2021 4R %) 2022 4F
20 [T FF IR A BE B PP 4 42, B R A
FE I EF T | 2 A 0 A [ S AR s M A, 8K
PR B A AP G EE L T TR 2 A R

H (ELRHEF O M. #5AE T LM
IX 3 PSS ) R ot B 0 R AT 255 VS
R AR BRI g Y B . LSRR AR
2 000 3, Xl 43 R I 254 (80 20) VB TIEAE (10 %6) Al
AR (1020) o S T HESRA SCRERL N TR SRR A 0
N EHERR P AEUIRE B BB A B RS A
LA MRS 5%, BP 2 0 4B AU/ X R iE
5 AT UIZRIT  S2 56 v B B #R 2 AR Rl — 3 B R
FILia AT 5 WR G RAF (EA 2
LI RGN 4 s
F4 XBWRFREGRIRE

Table 4 Experimental system software environment

EX Linux fIlR 55 %%

Intel Core i9-10900K CPU #l

S ARaE Nvidia RTX A4000 16 GB GPU
s Tl 106B
i PR PyCharm V3. 3
327 RRERE ST
8. 20 JHRSCE

T I A SC T B 0 el R A SO AR
SCTERA F- 6 N 3 AR A9 B a8 48 Lk
7T AR SE g i 8, SEgn 45 RNk 5 k.
Hirp ,MSE_AVG(10°) /R 5 IS5 1Y ¥4 7 iR 22
ZE A {E , MSE_MIN (10 7)) %n 5 IRSL K
BRI IR G RS 2 3 FPELE T i
B BTN S5 SR BB N LR A TEM A R . SR
R SA-BPNN £ D) & MF-BPNN £ H
PIReAT b = AR A T B

RS OHMIBER

Table 5 Results of ablation experiments

P MhaemgE migeik MSE_AVG MSE_MIN
1 BPNN — 0.95 0.71
2 BPNN MEF-BPNN 0. 67 0. 49
3 SA-BPNN Joskm A 0.23 0.07
4 SA-BPNN MF-BPNN 0.18 0.16

S HAE 43 A 45 R R W], SA-BPNN A5 AL 7E il
35k R T IR S PG TS 1 RS 2 W YR . TE
Sy 3 FISZHy 4 v, Z8 50 MF-BPNN #5315 119
OIS F AR X Ak B ROR SRR E
3.2.2  XfHSLng

R T B UEHCF TR PN PR AR R R 1R AR DL
SA-BPNN Z 51 25 il £ 45 5 (SAMEF-BPNND fi4 1] 52
P A ST 2K MSE AE R 37l 4 fig 48 A » £ T2



396

£50% F 11 H/2024 £ 11 B/HENTIRE

S FIAATT 3 AR S 2 A (o FH IR — St A k4 75K
5o FEARSCHE th A RLT 5 2 8 BP #2245 GA-
BPNN MU E A7 LA RSl = 4F 5T BP (14 OB iF
gyl E A, 4 45 PSO-BP2Y  DA-BPY il IPSO-
BPUY MR PEAT SEER X . 2SI ZRiR 25N T H bRiR
LI GREE TR, 45 052 6 Fion ., S2iba 320, A
T H A 45 0, SA-BPNN A2 71 EL A7 57 P i) g S50k
B RS AE R D IR AR BN 4R B B L . RIS S 3%
BRI B Y Rt 22550/  BEAS ARAS T I B FOUIM v A %
SR EE AN 4 & 5 iR .
%6 AEEHE LR ER

Table 6 Comparative experimental results of different models

P53 T2 22T MSE_AVG MSE_MIN
1 BP 0. 144 0.114
2 GA-BP 0.113 0. 106
3 PSO-BP 0.130 0.115
4 DA-BP 0.146 0.131
5 IPSO-BP 0.129 0.117
6 SAMFE-BPNN 0. 093 0. 087
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Fig.6 Predictive results of three neural networks
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